EICUG SWG - Introduction

EIC Software Consortium EIC User Group Meetings {y}

EIC Software

BROOKHIVEN Jefferson Lab

NATIONAL LABORATORY or—




Role of Software Working Group

Develop Workflow environment for EICUG
* to use (tools, documentation, support) and
Support * to grow with user input (direction, documentation, tools)

Involvement from EICUG
e.g. benchmark processes,

detector designs, reconstructions
algorithms
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Role of Bl EICRY it Kelfe]i[*N in the Yellow Reports organization

Physics Working Group Detector Working Group

Conveners + ex-offico Conveners + ex-offico

Simulation team: Software Working Group

Software Sub-group

EICUG Meeting, January 23 2020 3



Introduction
Getting started

EICUG - Full Detector Simulation Tutorial



Point of entry

Home » EIC Software

EIC Software
Software Working Group

The EICUG has formed a Software Working Group that collaborates with EIC Software initiatives and other experts in NP and HEP on
detector and physics simulations for the EIC. The short-term goal of the working group is to meet in FY20 the requirements for common
tools and documentation in the EICUG. The current work focusses on a common Geant4 infrastructure for the EIC that allows geometry
exchange between the eRHIC and JLEIC concepts.

JupyterLab

The Software Working Group has adapted JupyterLab as a collaborative workspace to further develop EIC Science, to examine detector
requirements, and to work on detector designs and concepts. JupyterLab is a web-based interactive analysis environment to create and
share documents that contain the analysis code, the narrative of the analysis including graphics and equations, and visualizations of the
analysis results. This will allow the EICUG not only to pursue simulations in a manner that is accessible, consistent, and reproducible to
the EICUG as a whole, but also to build a collection of analyses and analysis tools in the fully extensible and modular JupyterLab
environment. A quick start tutorial for fast simulations is available on the website for EIC Software.

Important links

Mailing list eicug-software @eicug.org (subscribe via Google Group)
Repository http://gitlab.com/eic
Website https://software.eicug.org
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Collaborative workspace for EICUG

JupyterLab

* web-based interactive analysis environment

Jupyter Notebooks

L .o L]
. t I d
WTrIting analysis coae
&« c @ ® localhost:3888/1ab nw e & 9 W ¥ N @ =
» X i i o " X ! jana.plugin('hepmc_reader') \

£* Most Visited | - ToRead EH [ Tracking EFEveryRead EF16 EIM E9c B9 BT EJcist Eicittab E9Jlab EIEC Eupy B8 EID EFVIs @ KyleOs | Estimating N.. &) Kalman-and-B: e Math @ F 2018] .plugin(‘jana', nevents=10000, output='hepmc_sm.root') \
- . . . . .plugin(‘eic_smear', detector='jleic') \

File Edit View Run Kernel Tabs Settings Help .plugin(*open_charm')
. + * c B Launc X | B 10u X | W 11.ef X | W 12.cc X | 06,0 X  [H07.g X | [ 08.u X launc X B 0Tei X | MO2NX [M03o0oX Moig X D 05rX eJana configured ) Python

plugins: hepmc_reader,eic_smear,open_charm
%
® B+ XD [ » ®m C Code v Python3 O jana.source('../data/herwig6_20k.hepmc')
_,‘; Name - Last Modified ~ eJana configured
M dat Ih tree = uproot.open('./data/eventless_output.root')['eventless']['tree’] plugins: hepmc_reader,eic_smear,open_charm
ata ours ago tracks_df = tree.pandas.df(["pdg_b", "p_b", "px_b", "py_b", "pz_b"]) sources: Root C++

@ « [A] 06_open_charm.ipynb 40 minutes ago ../data/herwig6_20k.hepmc

+ [ 07_geometry.ipynb 37 minutes ago tracks_df['vertical_angle'] = np.arcsin(tracks_df['py_b']/tracks_df['p_b']) jana.run()

tracks_df[ 'horizontal_angle'] = np.arctan(tracks_df['px_b']/tracks_df['pz_b'])

\ [ 08_uproot_neutron_an... 31 minutes ago v_angle = tracks_df[tracks_df.pdg b 2212].vertical_angle.values Total events processed: 10001 (~ 10.0 kevt)

« A 10_run_ejana.ipynb 29 minutes ago h_angle = tracks_df[tracks_df.pdg_b 2212].horizontal_angle.values . . .

« [A] 11_ejana_interface.ipynb 27 minutes ago . p. o I t f It

J - ; oot g o 1 — arcan”) visualization of results

« [Al 12_config.ipynb 26 minutes ago

bz

Ll widget_example.ipynb 3 hours ago Vertical angle (y): @ = arcsin(ﬁ) Kaons from DO ptot vs eta Kaons from DO (pt) —
[ 01_eic-smear-config.cpp 4 hours ago P sao00f- el
S0 o7
[ 02_NNPSS11-2-nobuil... 5 hours ago fig, ax = plt.subplots() 12000)
[ 03_open_charm_sm.root 5 hours ago h, xedges, yedges, im = ax.hist2d(h_angle, v_angle, 10000)
D 04_geometrylLEIC.gdm 5 hours ago bins:[np.arange(—zee,191,5)/10@0,np.arange(—lSO,151,5)/1066],
norm=matplotlib.colors.LogNorm()) 8000
[ 05_rootexample aday ago plt.colorbar(im, ax=ax) 5000)
D outputroot 30 minutes ago plt.xlabel('Horizontal angle (x) [rad]') L\\
plt.ylabel('Vertical angle (y) [rad]') 4000
plt.title('Neutrons angle distribution') 2000 ‘\1\_
ax.set_axisbelow(True) o
plt.grid(True) R T T w1 i3
plt.show() e

Neutrons angle distribution
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* narrative of the analysis
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f 0.05 - The high luminosity at the EIC would allow measurements of open charm production with much higher rates than at
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; < and used to study the gluonic structure of nuclei and the propagation of heavy quarks through cold nuclear matter
2 —0.05 - - with full control of the initial state.
£ ., 100
> - S
-0.10 L V K nt A k
. e/ E e o
-0.15 . . , 100 1 : :
-020 -0.15 -0.10 -0.05 000 005 010 ot et et
Horizontal angle (x) [rad]

EICUG Meeting, January 23 2020 6



JupyterLab environment

* bridge to modern data science, e.g.,

"« Nature 563, 145-146 (2018): “Why
e Jupyter is data scientists’
: computational notebook of choice”
5’ * more than three million Jupyter

Notebooks publicly available on
GitHub

0.0 B
rLQ\\ rLQ'\rL qp\rb 10'\& qp\% 10'\6 rLQ\,\ rLQ\% qp\q’

« collaborative workspace to create and share Jupyter Notebooks

 web-based interactive analysis environment accessible,
consistent, reproducible analyses

 fully extensible and modular build a collection of analyses and
analysis tools
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Jupyter Notebooks

L .o L]
writing analysis code
jana.plugin('hepmc_reader') \
.plugin(*jana', nevents=10000, output='hepmc_sm.root') \
.plugin('eic_smear', detector='jleic') \
.plugin(‘open_ch )
Python
jana e
eJana ure
plug hepmc. der,eic_smear,open_charm
Root/C++
jana. run 0
Total events processe d: 10001 (~ 10.0 kevt)
Ll Ll L
visualization of results
Kaons from DO ptot vs eta Kaons from DO (pt)
Ll Ll
narrative of the analysis
Open charm

The high luminosity at the EIC would allow measurements of open charm production with much higher rates than at

HERA and COMPASS, extending the kinematic coverage to large x>~ 0.1 and rare processes such as high-pr
i i s could for the first time be measured on nuclear targets

ot

ropagation of heavy quarks through cold nuclear matter



Modular design

Escaping complexity scaling trap
* provide interfaces to internal layers
* interaction between layers must be clear

Modularity each layer must be replaceable /data/beagle_eD.txt

jana.run()

Total events processed: 10001 (~ 10.0 kevt)

simple JupyterLab web interface

» Full log

¥ Run command

moderate analysis scripts, python ejona
-Pplugins=beagle_reader,ymeson,event_writer
-Pnthreads=1

complex eJANA, plugins, C++ Etpzb”j"t

../data/beagle_eD.txt

-Pjana:debug_plugin_loading=1

expert JANA, eic-smear, fun4all, ROOT, Geant4

EICUG Meeting, January 23 2020 8



EIC Software

Simulation of physics processes
Physics Working Group

Simulation of detector responses
Detector Working Group

Physics analysis
Physics and Detector Working Groups

EICUG Meeting, January 23 2020

Monte Carlo Event Generators
Tutorials in preparation

Fast simulations Full simulations
Tutorials v/ Tutorials today

Reconstruction of physics processes
Tutorials in preparation



Remote tutorials

Jan. 9 Introduction fast simulations, JupyterLab analysis recording
i 9:00 a.m. and 6:00 p.m. (EDT) with 79 participants
Detector Full Simulations implement and integrate subdetector in
Today . :
existing detector concepts, modify detector concept here at BNL

Feb. 6 Detector Full Simulations repetition of Today

Continuing tutorials according to survey and other requests

Feb. MCEG, reconstruction stay tuned

EICUG Meeting, January 23 2020 10

January 2020
Su Mo Tu We Th Fr Sa
1 2 3 4
5 6 7 8 9 10 11
12 13 14 15 16 17 18
19 20 21 22 23 24 25
26 27 28 29 30* 31*

* EIC Generic Detector R&D

February 2020

Su Mo Tu We Th Fr Sa
1

2 3 4 5 6 7 8


https://agenda.infn.it/event/21265/
https://indico.bnl.gov/event/7281/
https://agenda.infn.it/event/21265/

Support

being built up
- pers
support team weekly shifts

a

experience

Mailing list (anyone can contact)

ftware-support@eicug.or
>0 Pport@ g.0r8 Google forum (for archive of support requests and start of knowledge base)

http://eicug.slack.com/ EICUG Slack workspace with software-support channel
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Section
Status of EICUG simulations
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Simulations of physics processes and detector responses

Simulation of physics processes Monte Carlo Event Generators

Simulation of detector responses

Physics analysis

EICUG - Full Detector Simulation Tutorial 13



Broad collection of event generators used for EIC

Monte Carlo Event Generators (MCEG)

The following event generators are available:
" ep
» DJANGOH: (un)polarised DIS generator with QED and QCD radiative effects for NC and CC events.
gme_trans: A generator for semi-inclusive DIS with transverse-spin- and transverse-momentum-dependent distributions.
LEPTO: A leptoproduction generator - used as a basis for PEPS| and DJANGOH

LEPTO-PHI: A version of LEPTO with "Cahn effect" (azimuthal asymmetry) implemented
MILOU: A generator for deeply virtual Compton scattering (DVCS), the Bethe-Heitler process and their interference.

PYTHIA: A general-purpose high energy physics event generator.
PEPSI: A generator for polarised leptoproduction.
RAPGAFP: A generator for deeply inelastic scattering (DIS) and diffractive e + p events.

= eA

» BeAGLE: Benchmark eA Generator for LEptoproduction - UNDER CONSTRUCTION - a generator to simulate ep/eA DIS events including nuclear
shadowing effects (based on DPMJetHybrid)

= DPMJet: a generator for very low Q2/real photon physics in eA

= DPMJetHybrid: a generator to simulate ep/eA DIS events by employing PYTHIA in DPMJet

» Sartre & is an event generator for exclusive diffractive vector meson production and DVCS in ep and eA collisions based on the dipole model.

From https://wiki.bnl.gov/eic/index.php/Simulations and available in https://gitlab.com/eic/mceg
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https://wiki.bnl.gov/eic/index.php/Simulations
https://gitlab.com/eic/mceg

MCEG R&D for EIC

Unique MCEG requirements for EIC Science

* MCEG for polarized ep, ed, and eHe3
* including novel QCD phenomena: GPDs, TMDs

e MCEG for eA

MCEG community

* focus of last two decades: LHC

* lesson learned high-precision QCD
measurements require high-precision MCEGs

« MCEG not about tuning but about physics

* ready to work on ep/eA

EICUG - Full Detector Simulation Tutorial 15
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November 20-22, 2019
Erwin-Schrédinger Institute
Vienna, Austri

EIC User Group and MCnet present

MCEGs

for future ep and eA facilities
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Online catalogue for MCEGs (in preparation)

Categories ep, eA, radiative effects

Name

Contact information

Brief Description What processes are described? What is unique about the MCEG? Include version number as reference.

References (links) website, repository, documentation, container, validation plots

Example

Category ep, eA, exclusive vector meson production, general photoproduction
Name eSTARIight

Contact Information Spencer Klein, srklein@Ibl.gov

Brief description eSTARIlight simulates coherent photoproduction and electroproduction of vector mesons in ep and eA collisions. It
can simulate a variety of different vector mesons, and it also includes an interface to DPMJET, which allows for general simulation of
photonuclear interactions. It internally simulates most simple (2-body) vector meson decays with a correct accounting for the initial
photon polarization (transverse for Q"2 ~ 0, with an increasing longitudinal component with increasing Q*2) in the angular
distributions of the final state. It can also interface to PYTHIA8 to simulate more complicated decays.

References The code is freely available from https://estarlight.hepforge.org/ The Readme file includes a fairly comprehensive users
manual. The physics behind the code is documented in M. Lomnitz and S. Klein, Phys. Rev. C99, 015203 (2019).

Example MC simulations will be available on HepSim for benchmarks and validation (more and more examples added).
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mailto:srklein@lbl.gov
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JupyterLab integration of MCEG (ongoing)

Example: Container for Pythia8+DIRE

: Ju pyter READMEw 8 minutes ago

File

®NOUEWN

Edit View Language

Welcome to the Jupyter notebooks for Pythia 8 and DIRE!

You have the choice to run the following notebooks:

pythiaPI.ipynb
Gives a basic idea of the Pythia 8 event generator, by using the Python
interface of Pythia 8. You can adjust a set of parameters and choose
from different different histograms to be plotted.

pythiaRivetPI.ipynb
Shows how to use the Pythia 8 event generator, together with Rivet,
by using the Python interface of Pythia 8.

pythiaRivet.ipynb
Shows how to use Pythia 8, together with Rivet, by using an already
compiled executable called pythiaHepMC. You can adjust a set of parameters
and a settings file is created.

pythiaRivetUS.ipynb
As pythiaRivet.ipynb, but uses a prepared settings file, to be provided
by the user.

direRivet.ipynb
Shows how to use Pythia 8 with the DIRE parton shower, together with
Rivet, by using the default DIRE executable. You can adjust a set of
parameters and a settings file is created.

direRivetUS.ipynb
As direRivet.ipynb, but uses a prepared settings file, to be provided
by the user.

direEvent.ipynb
Pythia 8 with the DIRE parton shower, graphical output of one event
with the default DIRE exectuable.
The process can be choosen as well as a few basic parameters.

tuning.ipynb
Tuning with Professor, Rivet, and Pythia 8 / DIRE.

EICUG - Full Detector Simulation Tutorial

Logout

Plain Text

Jupyter notebook interface

In [1):

Min [2]:

Pythia 8 standalone

This notebook gives a basic idea of the Pythia 8 event generator, by using the Python interface of Pythia 8. You can adjust a set of parameters and choose from
different different histograms to be plotted.

First, lets import all neccessary modules.

import os, sys, pythia8
from plotting import MULTHIST
import py8settings as py8s

Now we create a Pythia 8 object and apply the settings to define the incoming beams. More settings can be adjusted later.

# Setup pythia, apply beam settings.
pythia = pythia8.Pythia()
Dpy8s.bean_settings (pythia)

You can now set the parameters for the incoming beams:

beam A id [Beams:idA] | e- v
beam B id [Beams:idB] | p v
beam frame type [Beams:frameType] | 2: back-to-back beams with different energies, set Beams:eA and Beams:eB v

CMS energy for Beams:frameType = 1 [Beams:eCM] | 65.7
beam A energy for Beams:frameType = 2 [Beams:eA] | 10.8

beam B energy for Beams:frameType = 2 [Beams:eB] | 100

17

Visualization of ep collision




Simulations of physics processes and detector responses

Simulation of physics processes

Simulation of detector responses

Physics analysis

EICUG - Full Detector Simulation Tutorial 18



Detector Simulation

e collaboration with Geant4 International Collaboration
 liaison Makoto Asai (SLAC)
 Geant4 for EIC

* coordinate input for Geant4 validation based on EIC physics list
maintained by (former) SLAC Geant4 group

* Geant4 10.6 recommended (released Dec. 6)

09/24 Geant4 Technical Forum on EIC

e EIC detector and physics simulations rely on Geant4

* knowledge transfer (e.g., sub-event parallelism or tessellated solids)
* maintain EIC physics lists

* request improved photo-nuclear and electro-nuclear reactions

EICUG - Full Detector Simulation Tutorial 19

EIC

* energy range is different from LHC

* validation, tuning and extension
including test beam studies

Primary Model
Ener .
Fritiof
Bertini
Precompound



Geant4 infrastructure for EICUG

Requirements

EIC Generic Detector R&D program (T. Ulirich) “a
simple lite setup with a well defined geometry
description standard that is easy to use”

EICUG Flexible accelerator and detector interface with
full support of existing IR designs and detector

concepts

Approach

common repository for detector R&D for EIC

common detector description in Geant4 (C++) and not
yet DD4hep (sub-detectors developed in Geant4 (C++))
common detector naming convention for EIC

possible common hits output structure

concise document and template on how to implement
and integrate subdetector in EIC detector concepts

EICUG - Full Detector Simulation Tutorial 20

Discussion
two in-person meetings

* 07/10 EIC Software Meeting at BNL (minutes)
* 09/24 EIC Software Meeting at JLAB (minutes)

evaluation 09/30, 10/21, 10/28, 11/18, 11/25

Two solutions proposed
1. detector simulations in fun4all, major update for

common EIC simulations

2. Geantd application gde, integrated in JupyterLab


https://indico.bnl.gov/event/6336/
https://docs.google.com/document/d/1EvE1vaEJ59YM5XWLDK4ScVSbVPFxoOhpz2OI8nquB04/edit
https://www.jlab.org/indico/event/339/
https://docs.google.com/document/d/1uaUORcugOzTKaJWhSZfrS7cET-3Oq6NomlgedQIOhIc/edit

FundAll + GEANT4 -

—__ sixlayer
. . JaN - . detector
 Mature Framework based on ROOT, steering with ROOT macros ( = mockup and
 Modular — each detector is its own entity S M _f} 2T field

* No central code needs to be modified when adding new detectors

e Detectors are combined using ROOT macros

» Distribution as singularity container + libraries in cvmfs*

* Daily builds + Continuous Integration

 No geometry model enforced

* Interface to eic-smear: most EIC specific Event generators accessible

* Pre-canned configurations for EIC-sPHENIX and partial JLEIC

* Used to provide input for our EIC detector LOI**

* Generic Volumes (box, cylinder, cone) can be implemented no macro
level

10 GeV Au on
water
phantom
(NASA Space
Radiation Lab)

*Installation: https://github.com/EIC-Detector/Singularity

**https://arxiv.org/pdf/1402.1209.pdf
https://indico.bnl.gov/event/5283/attachments/20546/27556/eic-sphenix-dds-final-2018-10-30.pdf

For details: see selected Fun4All presentations https://www.phenix.bnl.gov/WWW/publish/pinkenbu/EIC/



https://www.phenix.bnl.gov/WWW/publish/pinkenbu/EIC/
https://github.com/EIC-Detector/Singularity
https://arxiv.org/pdf/1402.1209.pdf
https://indico.bnl.gov/event/5283/attachments/20546/27556/eic-sphenix-dds-final-2018-10-30.pdf

Implementing a Detector in Fun4All

Simplest Example, more sophisticated to come:
https://github.com/EIC-Detector/g4exampledetector:

simple/source: Simplest case - everything hardcoded, only active volumes
simple/macro: Fun4All_G4_Example01.C to run the show (and save Hits in ntuple)

ExampleO1: block with
Let’s call your detector PDirc*, 3 classes need to be implemented : Y% cylindrical hole

G4PDircSubsystem =2 interface between Fun4All and Detector
G4PDircDetector = GEANT4 Construct method

G4PDircSteppingAction = select which quantities to store for each hit

*Detector names can be set on the command line but you do not want identically named sources

y1:x1:z1

Wi d that he Tutorials:
?.(;ll Il" finb Th_t h Lp https://github.com/EIC-Detector/tutorials
wll Nwdys be gwen I Join slack channel for support:
Hngwal’ts T() ﬂ]()se UJI](] https://join.slack.com/t/eic-design-study/signup

ask f[]l’ it Email: Geantino Scan to verify
* Chris Pinkenburg pinkenburg@bnl.gov geometry using entry/exit

. Dumbledgl’e Jin Huang jhuang@bnl.gov coordinates of geantino tracks



https://github.com/EIC-Detector/g4exampledetector
mailto:pinkenburg@bnl.gov
mailto:jhuang@bnl.gov
https://github.com/EIC-Detector/tutorials
https://join.slack.com/t/eic-design-study/signup

G4E (Geant 4 EIC

gde

«
O
x

BE{+Oaa 400 8By 00

Scene tree, Help, History @

Useful tips © ‘ viewer-0 (OpenGLStoredQt) @ ‘

Scene tree ‘ Help | History

Various EIC MC
file formats
Beagle, Pythiab,

HEPMC - Pythia8,

Herwig and others

Search : |

Standalone C++
Geant4
application

Command 2

control

units

particle

geometry

tracking

event

cuts

run

» particle

initialize

verbose
printProgress
numberOfThreads
useMaximumLogicalCores
pinAffinity
eventModulo
dumpRegion
dumpCouples
optimizeGeometry
breakAtBeginOfEvent
breakAtEndOfEvent
abort
abortCurrentEvent
geometryModified
reinitializeGeometry
physicsModified

(vvvvvvww

constructScoringWorlds I f
storeRndmsStatToEvent n rastructure to
workersProcessCmds
setCut CEEE e . . .
setCutForAGivenParticle _— =
st | v | “ow Integration with import Geant4
setCutForRegion mean energy deposit in absorber=0 +- 0 MeV -
» random mean number of steps in absorber (charged) =0 +- 0
» process mean number of steps in absorber (neutral) =0 +- 0 accelerator etector
» dets:“‘" _ | |mean number of charged secondaries = 0 +- 0
2_XTRdetector, mean number of neutral secondaries = 0 +- 0
Choose a command in the command mean number of e-s =0 and e+s =0 elements eometr and
tree (number) transmission coeff=0 reflection coeff=0 g y

WARNING: 1 event has been kept for refreshing and/or reviewing.
"/vis/reviewKeptEvents" to review them one by one.
"/vis/enable", then "/vis/viewer/flush" or "/vis/viewer/rebuild" to see them accumulated.

simulation code

Session :
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Subdetector integration in G4E

G4E goals
* Ability to have several “master” detectors (and IRs) such as BeAST, JLEIC etc.
* Ability to easily import Geant4 standalone detector implementations

* Ways to send the “right” configuration to a subdetector depending on selected “master” detector, so that one
detector implementation could serve for different IRs

» Stay as close to Geant4 as possible, to stay convenient for Geant4 experts

To import a subdetector:
P BeAST
* SubDetectorinterface class implementation

Master detectors
* Subscribe to various standard Geant 4 actions

(SteppingAction, StackingAction, etc)
* Define subdetector’s place in one or many
“master” detectors

Subdetectors

EICUG - Full Detector Simulation Tutorial 24



Accelerator interface

Accelerator design (beam elements)

Table 7.1: Parameters of the ion detector region magnets at the maximum ion momentum of 100 GeV.

Name Type Length GFHA! THA? OR? Dipole field Quad gradient Solenoid  Position and orientation®
Xeme P ) () () em) BT B () D) B (1) ) ) 0 ()

Upstream ion IR elements

iASUS Sol 1.6 3 4 12 0 0 0 0 3.0 0.455 —9.089 0.05
iQUS3  Quad

iQUS2  Quad 1
iQUST  Quad
iCUSI  Kicker
iCUS2  Kicker 0
iDSUS  Sol

Downstream ion IR ele

Lister - [or\eic\gde\src\master\work\e_ir.xt] -

File Edit Options Encoding Help
|

Detector region electron elements
10 GeU/c electrons (use more digits to calculate the brho)

Element name  Type  Length [m] Good field half-aperture [cm]  Inner Half-A
[cm]  Outer Radius [cm] Dipole field [T] uadrupole field [T/m]
[T/n"°2] Solenoid [T] X center [m] V¥ center [m]  Z center [m]  Theta center
[rad] ~ Phi [rad]

Sextupole

iDSDS  Sol 2| Dounstrean elenents (second focusing point approximately in the middle of
3 " chicane) Bx B Normal Skew
iBDS1  Dipole 1{eBDS6 RBEND 3 1.8 4.5 1 [ o044 o o ) ] 0 -34.5 -0.62 0
y y eBDSS RBEND 3 18 45 1 0 042 @ 0 0 0 0 -21.3 -0.0213 0
iCDS2  Kicker  0J Sopsy  poewp 0.5 18 45 11 0 -0.17 @ 0 0 o 0 -250  -0.00125
iQDS0S  Quad ()| eBDS3  RBEND 0.5 1.8 4.5 11 0 -0.17 @ 0 ] ] [l -21.3  0.00125 ©
. eBDS2 RBEND 3 18 w5 1 0 042 @ 0 0 o 0 -19.1 0.6213 ©
iQDS1 - Quad 1| eBDS1  RBEND 3 18 w5 1 0 [ XTI 0 0 o 0 -11s 082 ®
518 ASDS  SOLENOID 12 22 45 o1 0 o 0 0 o 0 o -7 0
IQDSIS - Quad 0| Saps3  auapRuPOLE 66 24 45 10 0 o -18.7 -2 @ 0 0 56 ©
iQDS2  Quad 2./ eQDS2  QUADRUPOLE 0.6 2.8 4.5 8.5 0 [ 3%.2 525 0 0 ] 4.4 0
oo ©QDST  QUADRUPOLE o6 17 45 8 o o -33.7 489 0 0 o -25 e
iQDS2S  Quad 0/ epsps  soLENOID 16 2 160 210 o o 0 o o o o e ®
52 ac
iQDs3 - Quad L pstrosm eomonte
iQDS3S Quad 0/ ebsus  SOLENOTD 24 2 w0 210 o o o o o 3 o o 12 e
DS Sol ,| UST  QUADRUPOLE 66 2 45 10 0 o 3.9 810 © 0 0 0 326 ®
S Sol 2{ caus2  uADRUPOLE 66 32 45 11 o o 3.7 -7.38 0 0 0 o IR
iBDS2  Dipole 4/ eQUS3  QUADRUPOLE 66 15 45 11 o o -20.8 4.55 © 0 o o 801 o
BDS3 Dinol | snsus  soLewozD 18 22 45 n 0 o 0 0 o -4 0 o 961 ®
i ipole

iQDS4  Quad  0/<

T GFHA stands for Good-Field Half Aperture.
2 IHA stands for Inner Half Aperture.
% OR stands for Outer Radius.
4 Pasition and orientation are specified for the center of each magnet.

Tuning

coocoo

coooo

100 %

v

Detector Simulations
(Geant4)

eRHIC and JLEIC information available

Status
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Common interface under active development
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Engineering Design (CAD)

40 mm ID ion beam entrant XC Synchrotron
tube SOl hzsaimicnd radiation mask
beryllium central chamber
4 . /

60 mm ID electron beam entrant and exit tube

~2390 mm

/

60 mm ID ion beam exit
tube




Why two options?

« At The Software Working Group was caught by the start of the “Yellow Report” effort
with two ongoing developments for full simulations:

- fund4all, originated from within (s)PHENIX, mature and centered around the use of ROOT
macros

 gde, build up for the EIC (and therefore in a “younger” stage of development) constructed as
a pure GEANT4 application (and integrated into JupyterLab environment)

« Each of the two is supported by a core team of developers.

« We put forward both options, leaving the “users” the freedom to choose base on their
coding preferences.

« We will take advantage of the two codes to cross-check few selected and critical results
in order to improve our confidence in the outcome of the simulations.
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Simulations of physics processes and detector responses

Simulation of physics processes

Simulation of detector responses

Physics analysis Reconstruction of physics processes
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Reconstruction options (in alphabetical order)

A Common Tracking Software (ACTS)

ATLAS software - generic, framework- and experiment-independent track reconstruction software
Collaboration of LBNL NP and HEP (Y. S. Lai et al.) for ACTS for EIC

EiCRoot (slide 29)

eJANA
. . Generators > Full simulation (G4E
JANA2 (slide 30) + plugins E——
* EIC data reconstruction s e
i Directly Fast simulation | Reconstruction
* EIC data analysis opens Genfit
various Eic smear S
MC formats Rave

Analysis in (multithreaded) C++

St L
Python

Fun4all (more in Chris’s tutorial)
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EicRoot: Example tracking study

Consider vertex tracker + TPC in 3T field; shoot 10 GeV/c pions at O=75°

Browser Eve ‘

Viewer 1
Hide

Eve |Files |
(¥ WindowManager

Viewer 1

‘ Action:

|

O™ viewers
(1™ Scenes

& ([ Fair Eventhanager
(M p- 0
v [ VixMoCaPoint B
& [V TpcMoCaPoint @

v v
Style  Info

FairEventhManager [EicEventtanager]

Input file : simulation.root
Run Id : 942833369
No of events : 1000
No. of Nodes : 1854

Current Event: e
Event Time: 0.00 ns
I Primary Only

Select PDG : 04
Min Energy: | 0.00 i’ B m—
. [10.00 2

Update

Command |

Command (local): |

< \»l

-> see examples/tracking/config.2 directory for details

Momentum resolution

40
30

20

50—

[ PSR IS N I SRR

5
P

10 15 20
“Pyn)/P_ , [%]

rec

File Edit View Search Terminal Help
[ayk@spb config.2]$ 1s -1 *.C (~]
-TW------- 1 ayk ayk 977 Jul 20 12:17 digitization.C
-TwW------- 1 ayk ayk 753 Jul 20 12:05 eventDisplay.C
-TW------- 1 ayk ayk 1052 Jul 17 10:03 reconstruction.C
-TwW------- 1 ayk ayk 1714 Jul 20 12:01 simulation.C
-TW------- 1 ayk ayk 3622 Jul 17 10:03 tpc-builder.C
1 17 10:03 vtx-builder.C
/[ayk@spb config.2]$ wc -1 *.C
24 digitization.C
24 eventDisplay.C
29 reconstruction.C
42 simulation.C
91 tpc-builder.C
133 vtx-builder.C
343 total B
k[ayk@spb config.2]$ |:| ) k’,

= Once Docker image is downloaded it takes <5 minutes to generate this plot
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Rate (Hz)

Rate vs. Nthreads ::;Zg’K‘:C',"

P VP T PP I JANA C++ event processing framework
ool Tm"'NTv-nm 7

ST e 10 W1 [T L1 + factory model on demand interface, user-centered design

: “"HHN “HW il I TN L g *  multi-threaded with > 10 years experience

0l \| ”‘ i \ HN” m o — 3 . plugin support provide mechanism for many physicists to
ol | 1 | ‘ I,  bossms q ¢ contribute, multi-threading external to contributed code
F |yl” JANA1 on KNL @ NERSC E (parallelizer)

47 tull recon. S R

Nthreads

Cori KNL, old engine

150 1 Cori KNL, new engine JANA2 active development (JLAB LDRD)
JLab Farm 14, old engine
i JLab F 14, i
- Jab Farm 15, old engine. * take advantage of new C++ standards
100 4 JLab Farm 18, new engine ° Python interface

* part of Streaming Readout Grand Challenge at Jefferson Lab
(C++ streamed events processing framework)
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Agenda’s of today’s EIC Software Meeting

Detector Full Simulation Tutorial
* implement and integrate subdetector in existing detector concepts
* modify detector concept

9:30 a.m. (EDT) Luminosity Monitor as example subdectector (Jaroslav)

fund4all (Chris)
10:00 a.m. (EDT) Quickstart https://github.com/EIC-Detector/Singularity
Download https://www.phenix.bnl.gov/WWW/publish/phnxbld/sPHENIX/Singularity/index.html|

gde example (Dmitry)
2:00 p.m. (EDT) Quickstart https://eic.gitlab.io/documents/quickstart/
Preparations docker pull electronioncollider/epic-gui

Greenfield Discussion
classify EICUG Simulation efforts and feedback into NP and HEP Software & Computing landscape
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